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tropical-like moist and hot conditions 
prevailed in the polar regions and inland 
seas flooded vast areas of the continents4. 
Unlike today, this and similar past hot-
houses were accompanied by CO2 build-
up rates that were much smaller than 
what we are witnessing now. The current 
100 ppm increase in the last century 
would have taken tens of thousands of 
years then.  
 What is the concern now? In Decem-
ber 2009 at Copenhagen, world govern-
ments agreed to limit global warming to 
2°C above the preindustrial period. If cli-
mate change is to be stabilized at 2°C 
above preindustrial level – models tell 
us – CO2 concentration cannot exceed 
450 ppm. Reaching the symbolic mile-
stone of 400 ppm is just another grim 
reminder about how fast we are appro-
aching 450 ppm. At the current rate of 
CO2 emissions, we could reach the 
450 ppm target as early as 2035. It 
should not be surprising if we reach the 
target earlier than this date given the  
accelerating emissions in recent years.  
 Why is the target focused on CO2 
while there are other climate warming 
agents like black carbon or methane? The 
trouble with CO2 is that it has a long life-
time in the atmosphere. While black  
carbon has a lifetime of 2 weeks and 
methane about 10 years, CO2 is esti-
mated to have a lifetime of about 100–
300 years. This refers to the time for CO2 
to get into the deep ocean where it is 
permanently sheltered from the atmos-
phere. But the climate system is too com-
plex and the deep ocean does exchange 
its water with the surface ocean on thou-
sands of years timescale. Recent studies5 
show that about 10–25% of emitted CO2 
will be still around in the atmosphere 
even after 10,000 years. Therefore, large 
emissions could take the planet back to 
one of those hot-house conditions that 
prevailed in the geologic past when 
global mean temperatures were 5–10°C 
warmer than today. Sea levels in such a 
hot-house world with ice-free poles will 
be higher by 120 m. This should worry 
anyone who is concerned about the long-
term habitability and fate of human civi-
lization on this planet.  
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A third of all freshwater fishes globally 
are threatened with extinction1,2 making 
them one of the most important verte-
brate groups in need of urgent conserva-
tion attention. Freshwater fishes are 
increasingly threatened by a range of  
factors, including habitat loss, over-
exploitation and biological invasions1,3. 
Conserving freshwater fishes is therefore 
a complex challenge requiring a combi-
nation of proactive strategies, on a con-
tinuous and sustained basis4,5. To be 
successful, conservation measures also 
require the political will of national and 
regional authorities, and the participation 
of local communities6.  
 Many countries, especially those in the 
tropics where much of the freshwater 
fish diversity is concentrated, invest little 
time and effort on their conservation. For 
example, in India, freshwater fishes have 
been ‘out of sight’ and ‘out of mind’ of 
the policy makers and general public7. 
This is in spite of the fact that the coun-
try harbours the greatest number of  
endemic freshwater fishes in continental 
Asia8, many of which are threatened4,9 
and some probably extinct10,11.  
 Mahseers of the genus Tor are large 
cyprinids endemic to continental Asia, 
and popular cultural icons of economic, 
recreational and conservation interest in 
their native range12,13. Due to the large 
sizes they attain, mahseers find a place 
among the 20 ‘mega fishes’ of the 
world14, and have often been called the 
‘tiger of the water’15, and the world’s 
hardest fighting fish16. There are no reli-
able estimates of the number of Tor spe-
cies found in Indian waters, mainly due 
to the taxonomic uncertainties within this 
genus12. However, they comprise one of 
the most threatened groups of freshwater 
fish in the country. Of the currently valid 
species, five are listed as ‘Endangered’ 
(Tor khudree, T. kulkarni, T. malabari-
cus, T. mussullah (see Note 1) and T. 
putitora) and two as ‘Near Threatened’ 
(T. tor and T. progenius) in the IUCN 
Red List of Threatened Species17.  
 The report of the National Commis-
sion on Agriculture (NCA) in 1976 was 
probably the first to highlight the plight 
of the mahseers and the need for their 
conservation18. Several studies have 
since revealed that overfishing and habi-
tat alteration have resulted in severe 
population decline of different Tor spe-
cies, including the golden mahseer, T. 
putitora and the tor mahseer, T. tor in the 
Himalayan rivers19,20 and the Deccan 
mahseer, T. khudree in the Western 
Ghats21. More recently, the escalating list 
of anthropogenic threats to mahseer 
populations has been synthesized to  
include a broad range of individual and 
combined effects such as catchment 
fragmentation, water and aggregate ab-
straction, and the prevalence of illegal 
and highly destructive fishing methods 
such as small mesh nets, plant-derived 
toxins, electricity and dynamite22.  
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 The Wildlife Association of South  
India (WASI), an NGO based in Banga-
lore, Karnataka, came into existence in 
1972 with a mandate ‘to conserve and 
preserve the wildlife of South India’. The 
association also obtained a lease of a 
22 km reach of the River Cauvery with 
the aim to conserve native mahseer popu-
lations. While this initiative lacked influ-
ence over catchment-scale developments 
impacting either directly or indirectly on 
habitat quality and longitudinal and lat-
eral connectivity, the focus of the WASI 
effort was to control illegal fishing and 
replenish wild stocks using captive bred 
fish23. The WASI also set up small sea-
sonal fishing camps to promote responsi-
ble ‘catch and release’ mahseer fisheries. 
The success of WASI encouraged other 
NGOs such as the Coorg Wildlife Soci-
ety23, private individuals24, and the State 
Government-owned Jungle Lodges and 
Resorts (JLR)25 to set up both seasonal 
and full-time angling camps on the River 
Cauvery during the 1980s and 1990s. 
The income generated from recreational 
fisheries effectively controlled illegal 
fishing of mahseer through the esta-
blishment of anti-poaching camps, as 
well as rehabilitation of former poachers 
as ‘Ghillies’ or fishing guides, thus pro-
viding alternative employment and asso-
ciated societal benefits. Catch records 
maintained at these fishing camps show 
that between 1989 and 1996, the large-
sized mahseer captured by anglers 
ranged from 21.6 to 48.1 kg (ref. 23). 
Such success was to later capture the  
attention of international tour operators, 
and in 2006 a British-based angling tour-
ism specialist, Angling Direct Holidays 
(ADH), secured an agreement with JLR 
for a block booking at the Galibore 
Camp between mid-January and mid-
March of each year. Activity during this 
period has been restricted to a maximum 
of ten anglers practising a strict ‘catch 
and release’ policy. Catch data from 
Galibore (number, weight, phenotype 
notes, etc.) and fishing effort (time) were 
recorded in daily logs. Preliminary 
analyses of data collected between 1996 
and 2012 demonstrate a dramatic in-
crease in the total number of fish caught 
over time along with a reducing trend in 
individual mean weights. These data 
form the basis of a manuscript in prepa-
ration, but indicate elevated levels of  
recruitment in response to the reduction/ 
elimination of poaching activities26 and 
possibly assisted through stocking27. 
 While the main focus of mahseer  
angling in South India has been on the 
River Cauvery, there is also considerable 
interest in recreational fisheries and con-
servation of golden mahseer, T. putitora 
in the rivers draining south from the  
Himalayan watershed26–29. Since 2007, 
Adventure Expedition Travels Pvt Ltd, 
through its subsidiary, India Angling 
(www.india-angling.com) adapted an  
‘integrated catchment value systems’ 
model30 and applied it for angling tour-
ism in the Ramganga River at Bikhyasen 
in the Himalayan foothills. Local people 
were employed as helpers for the anglers, 
and the local temple at Sarna benefitted 
financially for providing accommodation. 
Furthermore, in association with the 
temple, fishing prohibition signboards 
were erected on the two prime pools hold-
ing large specimens of mahseer29. This 
model which provides incentives to local 
people to protect rivers through econo-
mic benefits acquired from recreational 
services has helped improve the conser-
vation of T. putitora in the region29.  
 Apart from the positive role played by 
recreational fishing, the success of these 
efforts also demonstrated the importance 
of engaging local communities in the 
conservation of endemic and threatened 
freshwater fish species. Recreational 
fishers constitute a social group that  
offers unique potential to enhance fish 
conservation. They have a vested interest 
in preserving or enhancing the resources 
they depend on and there is ample evi-
dence to demonstrate that anglers work 
proactively to conserve, and where pos-
sible enhance, aquatic biodiversity31, as 
well as motivating others to do so32. In 
addition, anglers have also been known 
to participate in developing pro-environ-
mental legislations, and in taking legal 
action to oppose developments likely to 
be environmentally damaging33,34. 
 The Indian Wildlife (Protection) Act 
1972 (IWPA)35 was enacted to provide 
the much needed legal protection to flora 
and fauna within areas set aside for pro-
tection (Protected Areas (PA)). While 
this item of legislation affords little  
attention to freshwater fish4,36, the Act 
clearly states that ‘No person shall hunt 
any “wild animal” specified in Schedule, 
I, II, III and IV, except under the provi-
sions defined in Sections 11 and 12’. De-
spite fishes being included within the 
definition of ‘wildlife’, under Section 
2(1), the Act does not explicitly draw at-
tention to fish under the definition of 
‘wild animal’, which is defined as in-
cluding amphibians, birds, mammals, 
and reptiles, and their young, and in the 
case of birds and reptiles, their eggs. The 
only specific reference to protected fish 
species is restricted to Part IIA of Sched-
ule I, which includes the following ma-
rine species, whale shark (Rhinocodon 
typus), shark and ray (all Elasmobran-
chii), sea horse (all Sygnathidians) and 
giant grouper (Epinephelus lanceolatus). 
 Despite this lack of clarity, the IWPA 
has previously been highlighted as a  
 
 
Large Mahseer, Galibore Fishing Camp, River Cauvery (February 2010). 
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major factor constraining the effective 
conservation of declining mahseer popu-
lations throughout India due of the con-
straints placed on the development of 
recreational fisheries being managed to 
harmonize with conservation objec-
tives28. Perhaps ironically, the Act has 
also been implicated in seriously imped-
ing the access of scientists to conduct 
scientific research within the PAs37.  
 Despite the effective participation-
based conservation model practised on 
the River Cauvery, on 17 April 2009, a 
legal notice was issued under Section 55 
of the IWPA. It questioned the construc-
tion (albeit temporary) of the privately 
owned Bush Betta fishing camp24 within 
the Cauvery Wildlife Sanctuary, without 
prior approval from the National Wildlife 
Board (NWB) and the Supreme Court38. 
This was followed by the issue of a fur-
ther legal notice to the Central Empow-
erment Committee (CEC) of the Supreme 
Court, drawing attention to the further 
violation of the IWPA by permitting  
angling within the boundaries of the 
Cauvery Wildlife Sanctuary. Under Sec-
tion 2(16a) of the IWPA, the Ministry of 
Environment and Forests (MoEF), New 
Delhi has considered angling to be 
aligned with hunting; an activity which is 
prohibited within protected areas. As a 
result, all angling activity has recently 
been prohibited throughout the Cauvery 
Wildlife Sanctuary. 
 In spite of several decades of research 
on mahseers, there remain significant 
knowledge gaps in our understanding of 
basic biology and population dynamics 
of important species in Indian waters. 
Uncertainties exist on even the total 
number of mahseer species that occur in 
India, and also on the exact species status 
of the Tor found in the Cauvery. A recent 
gathering of experts agreed that these 
were immediate research priorities22.  
 Due to the fact that many of the areas 
where mahseers are distributed are either 
physically remote or dispersed, often fal-
ling within protected forest areas, the in-
volvement of local communities and 
other relevant stakeholders is vital for 
advancing both science and conservation. 
Engaging community and stakeholder 
participation in research is not only cost-
effective, but also lays the foundation  
for co-management39. For example, with  
regard to recreational fisheries of 
mahseers, collaboration between scien-
tists and anglers can provide valuable 
data that can inform future conservation 
actions. This has been successfully dem-
onstrated in the case of the world’s larg-
est salmonid, the threatened Eurasian 
giant trout or the taimen, Hucho taimen 
in Mongolia31.  
 Monitoring population performance of 
mahseers in monsoonal rivers is prob-
lematic due to the logistical difficulties 
in sampling such large fishes in challeng-
ing environments. Thus, there is a paucity 
of available data to assess the current 
status and vulnerability of stocks within 
the Cauvery and other rivers. The value 
of catch data collected by the Galibore 
angling camp on the River Cauvery has 
only recently been realized (manuscript 
in prep.). Despite potential sampling  
biases, these data provide temporal and 
spatial information on fish numbers, 
weights and phenotypes over a period of 
15+ years. Within-year sample size can 
also be substantial, thus enhancing statis-
tical validity of observations. For exam-
ple, considering that the Cauvery angling 
season typically extends between Octo-
ber and April, in any one week, a group 
of ten anglers would typically amass a 
sample of 500 hours fishing.  
 While the promotion of ‘catch and  
release’ fisheries may assist in effecting 
conservation objectives, consideration 
should also be afforded to the potentially 
damaging influence of poorly informed 
fisheries management actions such as 
stocking to artificially enhance and 
maintain populations. In the case of the 
Cauvery, no baseline exists to describe 
the original mahseer community prior to 
the advancement of mahseer culture 
methods pioneered by Tata Electric 
Company27 and the implications for future 
genetic integrity of populations. There 
also remain a host of anthropogenic 
catchment pressures which impact on 
stocks less directly by influencing fish 
movement, habitat and water quality. 
Until practising ichthyologists are in a 
position to quantify these impacts, there 
remains an urgent need to focus on the 
collection and collation of biological 
data to determine the current gene pool, 
and improve understanding of the bio-
logy and ecological requirements of 
these fishes. 
 Despite the current contentions of 
whether ‘catch and release’ angling con-
stitutes ‘hunting’, provision exists within 
the IWPA to override the prohibition of 
hunting in PA’s. Under Section 12, Chief 
Wildlife Wardens have the authority to 
grant hunting permits for specified ani-
mals, provided their capture is for the 
purpose of (a) education; 4(b) scientific 
research; (bb) scientific management. 
The ‘Act’ further defines clause (bb), the 
expression, ‘scientific management’ 
means (i) translocation of any wild ani-
mal to an alternative suitable habitat; or 
(ii) population management of wildlife, 
without killing or poisoning or destroy-
ing any wild animals.  
 In light of the perilous status of 
mahseer stocks and the evidence pre-
sented to support the positive role of  
recreational fisheries, it is recommended 
that ‘catch and release’ angling be acti-
vely encouraged throughout India. Fur-
thermore, within well-managed fisheries, 
such as the Cauvery Wildlife Sanctuary, 
structured data collection programmes 
should constitute a condition of angling 
permits being issued to advance scien-
tific research. A further recommendation 
is that all stocking activity within the 
Cauvery Wildlife Sanctuary and else-
where in peninsular Indian river systems 
should be strictly prohibited until the 
current gene pool has been defined and 
an understanding of stock/wild fish  
interactions gained. 
 While there is little doubt that ‘catch 
and release’ practices are less likely to 
limit population performance than indis-
criminate fishing methods such as dyna-
mite fishing, a number of researchers 
have highlighted a range of risks which 
may be associated with recreational fish-
ing methods. Risks have been synthe-
sized to include a range of impacts from 
delayed post-release mortality40,41 through 
to subtle physiological and behavioural 
effects42 which could potentially impair 
predator avoidance capabilities of relea-
sed fish, particularly in the presence of 
other apex predators such as crocodile 
(Crocodylus palustris and Gavialis gan-
geticus) and otter (Lutrogale perspicil-
lata). In balancing the perceived benefits 
of ‘catch and release’ angling, there also 
remains a requirement to quantify any 
such factors which have the potential to 
impair conservation objectives. 
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1. Although the species status of T. mussul-
lah is ambiguous43, for the sake of the pre-
sent commentary, we consider ‘mussullah’ 
as a species of Tor. 
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